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(57) ABSTRACT

An LED backlight in which deterioration in in-plane unifor-
mity ol brightness 1s prevented, whose thickness, frame
width, and wire length are reduced, and 1n which wiring can
be carried out easily, includes an LED provided on one sur-
face of an LED substrates; the LED substrate 1s mounted on a
chassis panel so that a surface of the LED substrate opposite
to the one surface contacts the chassis panel; and the chassis
panel has a connection hole provided 1n a portion of a region
of the chassis panel in which region the LED substrate 1s
mounted, which passes through the chassis panel.

9 Claims, 8 Drawing Sheets
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LED BACKLIGHT AND LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present mvention relates to an LED backlight includ-
ing LEDs (light-emitting diodes) and a liquid crystal display
device using the LED backlight.

2. Description of the Related Art

Conventionally, a backlight has been widely used to 1llu-
minate a display panel which 1s not self-luminous. For
example, since a liquid crystal panel used 1n a liqud crystal
display device 1s not self-luminous, a backlight 1s used to
illuminate a back surface of the liquid crystal panel. The term
“backlight” used herein refers to a device which has a func-
tion of 1lluminating a display panel with the use of a light
source.

In recent years, an LED backlight including LEDs (light-
emitting diodes) has been used as a light source of a backlight.

Generally, the LED backlight mainly includes (1) LEDs,
(11) an LED substrate on which the LEDs are mounted, (111) an
LED driver substrate which generates a power supply and a
signal for driving and controlling the LEDs, respectively, (1v)
a chassis panel on which the LEDs, the LED substrate, the
LED driver substrate are fixed with respect to one another so
as to define one LED backlight, and (v) wires used for, for
example, connecting the substrates.

Various techniques have been proposed for the LED back-
light. For example, Japanese Patent Application Publication,
Tokukai, No. 2006-128125 A discloses a technique 1n which
an LED and an LED driving element are mounted on a light-
emitting unit printed board.

Further, as shown 1n FIG. 6, Japanese Patent Application
Publication, Tokukai, No. 2005-353498 A discloses a tech-
nique in which a light-emitting block 100 including a back
panel 105 (corresponding to the above-mentioned chassis
panel) on which LEDs 110 have been mounted 1s arranged
such that connectors 115 for connecting the LEDs 110 to a
control circuit package (not shown, corresponding to the
above-mentioned LED driver substrate) are provided on that
surface of the back panel 105 on which the LEDs 110 have
been mounted. According to this technique, the control circuit
package 1s provided on a rear surface of the back panel 105,
and 1s connected to the LEDs 110 by lead wires 120 (corre-
sponding to the above-mentioned wires) connected to the
connectors 1135. The lead wires 120 connect both surfaces of
the back panel 105 through an extraction hole 125 formed in
the back panel 105 so as to be positioned 1n a place where
substrates 119 are not mounted.

Note that FIG. 6, showing a conventional device, illustrates
an arrangement of the light-emitting block 100 disclosed 1n

Japanese Patent Application Publication, Tokukai, No. 2005-
353498 A.

SUMMARY OF THE INVENTION

In-Plane Uniformity of Brightness

However, the inventor of the present invention discovered
that, unfortunately, both of the arrangements disclosed in the
above prior art patent application publications cause deterio-
ration in m-plane uniformity of brightness of the LED back-
light.

Specifically, according to the arrangements disclosed 1n
above prior art patent application publications, non-LED
members (the LED driving element in the arrangement dis-
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closed 1n Japanese Patent Application Publication, Tokukai,
No. 2006-128125 A, and the connectors and the lead wires 1n
the arrangement disclosed i1n Japanese Patent Application
Publication, Tokukai, No. 2005-353498 A) are provided on
the same surface on which the LEDs have been provided. As
shown 1 FIG. 7, such members (e.g., the connector 1135 1n
FIG. 7) are directly irradiated with light from the LEDs 110
and are 1rradiated with light reflected by a member such as a
diffusion plate 130. This causes such members to cast shad-
ows, light to be absorbed by such members, and light to be
reflected by surfaces of such members in various directions.
This causes deterioration in in-plane uniformaity of brightness
of the LED backlight.

Note that FIG. 7 illustrates an arrangement of an LED

backlight 10 in which the connector 115 1s provided on the
back panel 105.

Thickness

Further, unfortunately, the arrangement disclosed in Japa-
nese Patent Application Publication, Tokukai, No. 2005-
353498 A causes the LED backlight to have a very large
thickness.

Specifically, an LED generally has a small thickness (e.g.,
1 mm or less), whereas a connector and a lead wire each
normally has a larger thickness. Therefore, 1n a case where a
connector and/or a lead wire are provided on the same surface
as 1s an LED, the thickness of the LED backlight does not
depend on the thickness of the LED, but depends on the
thickness of the connector and/or the lead wire. As a result,
the LED backlight becomes large in thickness.

Wire Length, Wiring, Frame

Further, an LED backlight may be arranged such that (1) the
LED and the LED driver substrate are provided on different
surfaces of the chassis panel so that the number of non-LED
members provided on the same surface on which the LED has
been provided can be reduced, and (11) the wires connecting
both surfaces of the chassis panel are caused to straddle an
outer edge of the chassis panel so that the number of wires on
the chassis panel can be reduced. The following deals with
this arrangement with reference to FIGS. 8 and 9. FIGS. 8 and
9 each 1llustrate a structure of the LED backlight 10 1n which
an LED and an LED dnver substrate 50 are provided on
different surfaces.

As shown in FIGS. 8 and 9, according to the LED backlight
10 arranged as described above, two LED substrates 40 (404,
40b) are attached to one surface (top surface) of a chassis
panel 20, and the LED driver substrate 50 1s attached to
another surface (rear surface) of the chassis panel 20. Each of
the LED substrates 40 1s connected to the LED driver sub-
strate 50 by a wire 60. Note that the top surface of the chassis
panel 20 refers to a surface to which a display panel such as a
liquid crystal panel 1s to be attached.

Such an arrangement 1n which the wire 60 for connecting
the LED substrate 40 to the LED driver 50 straddles the outer
edge of the chassis panel 20 causes an undesirable increase 1n
the length of the wire, and makes 1t difficult to carry out the
WIring process.

Further, since the wire 60 straddles the outer edge of the
chassis panel 20, 1t becomes difficult to reduce the frame
width of the LED backlight.

For convenience of explanation, the above description has
discussed a structure of one LED backlight in which two LED
substrates 40 are used. However, a similar problem arises also
in a case where the number of LED substrates 40 1s not less
than 3. For example, the more that the number of LED sub-
strates 40 increases, the more difficult the wiring becomes.

In view of the above problems, preferred embodiments of
the present invention provide an LED backlight 1n which
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deterioration 1n in-plane uniformity of brightness 1s reliably
prevented, whose thickness, frame width, and wire length are

reduced, and 1n which wiring can be carried out easily.
According to a preferred embodiment of the present inven-
tion, an LED (Light Emitting Diode) backlight includes: an
LED substrate; an LED mounted on one surface of the LED
substrate; and a chassis panel on which the LED substrate 1s
mounted such that a surface of the LED substrate opposite to
the one surface contacts the chassis panel; wherein the chassis

panel has a connection hole, provided 1n a portion of a region
of the chassis panel in which the LED substrate 1s mounted,
which passes through the chassis panel.

According to the above arrangement, the LED substrate
can be electrically connected through the connection hole to
an external element (e.g., a power supply or a signal line) so

as to control the LED.
For example, this reduces the need for a wire or component

required for the connection to be provided on that surface of

the chassis panel on which the LED has been provided.

Accordingly, a shadow of the wire or component due to
light from the LED hardly occurs. This reduces deterioration
in in-plane uniformity of brightness of the LED backlight.

Further, since, as described above, there 1s less need for the
wire or components required for the connection to be pro-
vided on that surface of the chassis panel on which the LED
has been provided, 1t 1s possible to prevent an increase in
thickness of the LED backlight.

Further, according to the above arrangement, the LED
substrate can be electrically connected to the external element
through the connection hole. This reduces the need for run-
ning the connecting wire across an outer edge of the chassis
panel.

This makes 1t possible to reduce the wire length and makes
it easy to carry out wiring. Moreover, assembling workability
1s improved, so that manufacturing cost can be reduced.

Further, since the wire can be run without straddling the
outer edge of the chassis panel, 1t 1s possible to reduce frame
width.

That 1s, the above arrangement makes 1t possible to realize
an LED backlight 1n which deterioration 1n m-plane unifor-
mity of brightness 1s prevented, whose thickness, frame
width, and wire length are reduced, and in which wiring 1s
carried out easily.

Further, 1t 1s preferable that the LED backlight according to
a preferred embodiment of the present invention 1s arranged
such that an LED driver substrate arranged to drive the LED
1s mounted on a surface of the chassis panel opposite to a
surface on which the LED substrate 1s mounted; and the LED
substrate and the LED driver substrate are electrically con-
nected to each other through the connection hole.

According to the above arrangement, the LED substrate
and the LED driver substrate provided on different surfaces of
the chassis panel need to be electrically connected to each
other, and the electrical connection can be made through the
connection hole.

As described above, this reduces the need for the wire or
component required for the connection to be provided on that
surface of the chassis panel on which the LED has been
provided, and reduces the need for running the wire across the
outer edge of the chassis panel.

As a result, even in the case of an LED backlight in which
an LED driver substrate and an LED substrate are mounted on
different surfaces, it 1s possible to realize an LED backlight 1in
which deterioration 1n in-plane uniformity of brightness 1s
prevented, whose thickness, frame width, and wire length are
reduced, and 1n which wiring 1s carried out easily.
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Note that the LED driver substrate refers to, for example, a
substrate which generates a power supply and a signal for
driving and controlling an LED, respectively.

Further, the LED backlight according to a preferred
embodiment of the present invention may be arranged such
that the chassis panel has a plurality of LED substrates
mounted on a same surface thereof; and the chassis panel has
connection holes provided in regions thereol 1n which regions
the plurality of LED substrates are mounted, respectively;
and at least two or more of the plurality of LED substrates are
clectrically connected to one another through the connection
holes.

According to the above arrangement, even in cases where
two or more LED substrates are mounted and need to be
clectrically connected to one another, 1t 1s possible to prevent
deterioration in in-plane uniformity of brightness, to prevent
an increase 1n thickness and an increase 1 wire length, to
casily carry out wiring, and to reduce frame width, as
described above.

Further, 1t1s preferable that the LED backlight according to
a preferred embodiment of the present invention 1s arranged
such that the chassis panel has a plurality of LED substrates
mounted on a same surface thereotf; and at least one LED
driver substrate arranged to drive the LED 1s mounted on a
surface of the chassis panel opposite to a surface on which the
plurality of LED substrates are mounted; and at least one of
the at least one LED driver substrate 1s electrically connected
to plural ones of the plurality of LED substrates through the
connection holes.

The above arrangement makes it possible to reduce the
number of connection holes that are provided 1n the chassis
panel.

For example, there 1s a case where 1t 1s necessary that (1)
cach of the LED substrates 1s connected to any of the LED
driver substrates, and (11) the LED substrates are connected to
each other. However, 1f an LED driver substrate 1s connected
to at least two LED substrates, direct connection between
LED substrates connected to the LED driver substrate 1s not
required. This 1s because, the LED substrates can be electri-
cally connected to each other via the LED driver substrate to
which both of the LED substrates are connected, as in the case
of direct connection.

Further, a connection hole through which the LED sub-
strates are directly connected to each other can be omitted by
connecting the LED substrates to the LED driver substrate as
described above.

As a result, 1t 1s possible to reduce the number of connec-
tion holes that are provided 1n the chassis panel.

This 1s especially advantageous 1n a case where a large area
(e.g., a large screen) needs to be irradiated. For example, in a
case where a screen whose width 1s more than 1 m needs to be
irradiated, a plurality of LED substrates are preterably con-
nected to one another so that the screen can be uniformly
irradiated. This 1s because the maximum length of an LED
substrate which can be manufactured 1s generally a little over
50 cm. In such a case, from a viewpoint of easy manufactur-
ing, it 1s advantageous to reduce the number of connection
holes.

Generally, an LED substrate 1s disposed in a horizontal
direction, 1.e., a longer side of a screen. Therefore, 1n a case
where two LED substrates are mounted, the LED driver sub-
strates are disposed 1n the vicinity of the center of the chassis
panel 1n a horizontal direction of the chassis panel.

Further, 1t1s preferable that the LED backlight according to
a preferred embodiment of the present invention 1s arranged
such that the plurality of LED substrates are symmetrically
mounted on the chassis panel so that a longer side of each of
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the plurality of LED substrates i1s parallel or substantially
parallel to a first direction, and the at least one LED driver
substrate 1s mounted on the chassis panel so that a longer side
of the at least one LED driver substrate 1s parallel or substan-
tially parallel to a second direction which intersects with the
first direction.

The above arrangement makes it possible to more effi-
ciently drive each of the LED substrates and connect the LE
substrates via the LED driver substrate.

For example, 1n a case where alarge area 1s irradiated, LED
substrates may be arranged 1n a plurality of columns (e.g., two
to four columns) in a column direction (vertical direction of
the screen) and 1n a plurality of rows 1n a row direction
(horizontal direction of the screen) so that a longer side of
cach of the LED substrates 1s parallel or substantially parallel
to the horizontal direction (row direction) of the screen.

In cases where (1) LED substrates are thus arranged 1n a
plurality of rows and (11) an LED driver substrate provided on
a rear surface of a chassis panel (surface opposite to the
surface on which the LED substrates are mounted) 1s disposed
in a direction (column direction) that 1s perpendicular or
substantially perpendicular to a main direction (row direc-
tion), 1t becomes easy to control a plurality of LED substrates
with use of one LED driver substrate and to electrically con-
nect the plurality of LED substrates via the LED driver sub-
strate.

Further, the LED backlight according to a preferred
embodiment of the present invention may be arranged such
that the electrical connection through the connection hole 1s
made with use of a wire.

The above arrangement makes i1t possible to easily connect
the LED substrates to the LED driver substrate and connect
the LED substrates to one another.

Further, 1t 1s preferable that the LED backlight according to
a preferred embodiment of the present invention 1s arranged
such that the LED substrate has a connector, positioned so as
to face the comnection hole when the LED substrate i1s
mounted on the chassis panel, which provides an electrical
connection.

Generally, 1n a case where a connector for electrical con-
nectionis provided on that surface of a chassis panel on which
an LED has been provided, an LED backlight may increase in
thickness as described above. Further, for an electrical con-
nection to the connector, 1t becomes necessary for a wire and
a 11g for holding the wire to be provided on the surface on
which the LED has been provided. This may cast an optical
shadow as described above. The occurrence of such a shadow
1s remarkable 1n an arrangement 1n which an obstacle such as
the wire 1s provided 1n the vicinity of the LED.

In view of this, according to the above arrangement, a
connector 1s provided on such a surface of the LED substrate
so as to make contact with the chassis panel when the LED
substrate 1s mounted on the chassis panel, and 1s positioned so
as to, when the LED substrate 1s mounted on the chassis
panel, fit into the connection hole provided in the chassis
panel.

Therefore, the connector does not make contact with the
chassis panel in a height direction of the connector, 1.€., 1n a
thickness direction of the chassis panel. That 1s, since the
connection hole serves as a space 1n which the connector 1s
mounted, 1t 1s possible to prevent an increase in thickness of
the LED backlight.

Further, it 1s possible to secure a suilicient height from a
viewpoint of fitting strength (engaging strength) and ease of
handling. This in turn means a wide range of options for
connectors, and 1t 1s possible to prevent lowering of reliability
and workability due to a height limit on a connector.
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Further, a light-emitting element generally emits heat.
Especially, an LED emits a great amount of heat. Therefore,
in a case where an LED 1s used as a light-emitting element, 1t
1s 1ncreasingly necessary to radiate heat from the LED. In
order to radiate heat, 1t 1s preferable that an LED substrate be
in close contact with a chassis panel.

In view of this, according to the above arrangement, the
connector does not make contact with the chassis panel.
Theretore, the LED substrate can be 1n close contact with the
chassis panel. Therefore, 1t 1s possible to secure good heat
radiation performance.

Further, 1t1s preferable that the LED backlight according to
a preferred embodiment of the present invention is arranged
such that the LED substrate has a connector, positioned so as
to face the connection hole when the LED substrate i1s
mounted on the chassis panel, which provides an electrical
connection; the LED driver substrate 1s provided with a con-
nector arranged to {it into the connector provided in the LED
substrate; and the connector of the LED driver substrate and
the connector of the LED substrate fit together so that the
LED substrate and the LED driver substrate are electrically
connected to each other through the connection hole.

According to the above arrangement, the LED substrate 1s
clectrically connected directly to the LED driver substrate.
This eliminates the use of a wire for electrically connecting
the LED substrate to the LED driver substrate, thus making 1t
possible to turther improve assembling workability.

Further, in another preferred embodiment of the present
invention, 1t 1s preferable that a liquid crystal display device
includes one of the above-described LED backlights.

Other features, elements, steps, characteristics and advan-
tages of the present invention will become more apparent
from the following detailed description of preferred embodi-
ments of the present invention with reference to the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1, showing a preferred embodiment of the present
invention, 1llustrates an arrangement of an LED backlight.

FIG. 2, showing another preferred embodiment of the
present invention, illustrates an arrangement of an LED back-
light.

FIG. 3 illustrates how an LED substrate and an LED driver
substrate are connected to each other.

FIG. 4, showing another preferred embodiment of the
present invention, illustrates an arrangement of an LED back-
light.

FIG. 5, showing another preferred embodiment of the
present invention, illustrates an arrangement of an LED back-
light.

FIG. 6 illustrates a structure of a light-emitting block dis-
closed 1n Japanese Patent Application Publication, Tokukai,
No. 2005-353498 A.

FIG. 7 illustrates an arrangement of an LED backlight
provided with a connector.

FIG. 8 illustrates a structure of an LED backlight 1n which
an LED and an LED driver substrate are provided on different

surtaces.
FIG. 9 illustrates a structure of an LED backlight 1n which

an LED and an LED driver substrate are provided on different
surfaces.

PR

L1
]

ERRED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Preferred Embodiment 1

One preferred embodiment of the present invention 1s
described below with reterence to FI1G. 1. FIG. 1 illustrates an
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arrangement of an LED backlight 10 of the present preferred
embodiment. In FIG. 1, the LED backlight 10 1s viewed from

that surface (rear surface) of a chassis panel 20 on which an
LED (not shown) 1s not provided.
Components

As shown 1 FIG. 1, the LED backlight 10 of the present

preferred embodiment preferably includes: an LED (light-
emitting diode; not shown) serving as a light source; an LED
substrate 40 on which the LED 1s mounted; an LED driver

substrate 30 arranged to generate a power supply and a signal
for driving the LED, the chassis panel 20 on which the LED

substrate 40, the LED driver substrate 50 are fixed, and a wire
60 arranged to connect the LED substrate 40 to the LED
driver substrate 50.

Structure

The LED backlight 10 of the present preferred embodi-
ment 1s arranged such that the LED substrate 40 and the LED
driver substrate 50 are mounted on different surfaces of the
chassis panel 20 and are electrically connected to each other
through a connection hole 25 provided 1n the chassis panel 20.

As shown 1 FIG. 1, the LED backlight 10 of the present
preferred embodiment 1s arranged such that the LED sub-
strate 40 provided with the LED (not shown) 1s mounted on
one surface of the chassis panel 20. Specifically, the LED
substrate 40 1s preferably provided with one or more LEDs,
and has a substantially rectangular shape, for example. Fur-
ther, the LED backlight 10 includes a plurality of such LED
substrates 40.

More specifically, two LED substrates 40 (first LED sub-
strate 40a, second LED substrate 405) are disposed 1n the
vicinity of one longer side of the chassis panel 20, which has
a substantially rectangular shape, in alignment with each
other in each of the x directions (see the double-headed arrow
of FIG. 1) along the one longer side.

Note that, for convenience of explanation, FIG. 1 shows an
example 1 which only one row of LED substrates 40 (first
LED substrate 40a, second LED substrate 405) 1s disposed 1n
cach of the y directions (see the double-headed arrow of FIG.
1) of the chassis panel 20. However, the way the LED sub-
strates 40 are disposed 1n the present preferred embodiment 1s
not limited to the above arrangement. For example, it 1s pos-
sible that plural rows of LED substrates 40 (first LED sub-

strate 40a, second LED substrate 405) are disposed 1n each of

the y directions (see the double-headed arrow of FI1G. 1) of the
chassis panel 20.

The effects and advantages to be described below can also
be brought about by arranging the LED backlight 10 of the
present preferred embodiment such that plural rows of LED
substrates 40 are disposed in each of the y directions (see the
double-headed arrow of FI1G. 1) of the chassis panel 20 so that
longer sides of each of the LED substrates 40 1s parallel or

substantially parallel to each of the x directions (see the
double-headed arrow of FIG. 1) of the chassis panel 20.
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Furthermore, the arrangement in which the plural rows of 55

LED substrates 40 are disposed makes 1t possible to further
improve n-plane uniformity of brightness.

Further, the way the plural rows of LED substrates 40 are
disposed 1n each of the y directions (see the double-headed
arrow o1 FIG. 1) ofthe chassis panel 20 can be applied to other
preferred embodiments to be described below.

On the other hand, the LED driver substrate 50 1s mounted
on a surface of the chassis panel 20 on which the LED sub-
strates 40 are not mounted. Specifically, the LED substrate 40
has a substantially rectangular shape, and 1s mounted on a
substantially central position on the chassis panel 20 so that a
longer side of the LED driver substrate 50 1s parallel to each

60
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of the y directions (see the double-headed arrow of FIG. 1),
which are parallel to a shorter side of the rectangular chassis

panel 20.

Further, connection holes 23 are provided 1n those portions
of the chassis panel 20 in which the LED substrates 40 have
been mounted, 1.e., those portions of the chassis panel 20
which make contact with rear surfaces of the LED substrates
40, so as to pass through the chassis panel 20. In the present
preferred embodiment, the connection holes 235 are provided
in positions corresponding to the rear surfaces of the LED
substrates 40 as described above, but not 1n a position corre-
sponding to a rear surface of the LED driver substrate 50. In
other words, the connection holes 23 are provided 1n positions
other than positions where the LED driver substrate 50 over-
laps the LED substrates 40.

As shown in FIG. 1, the LED driver substrate 50 1s electri-
cally connected to the LED substrates 40 by wires 60 through
the connection holes 23.

Wire Length and the Like

With this arrangement, the LED driver substrate 50 can be
connected to each of the LED substrates 40 at a short distance
from each other. This allows a reduction in wire length.

Further, since the wires go through the chassis panel 20 so
that the LED driver substrate 50 can be connected to each of
the LED substrates 40 at the substantially shortest distance
from each other, 1t 1s possible to easily carry out wiring, and
to improve workability. This results 1n a reduction 1n manu-
facturing cost.

Further, the wires do not need to straddle the outer edge of
the chassis panel 20 to provide connection between each of
the LED substrates 40 and the LED driver substrate 50
mounted on different surfaces of the chassis panel 20. As a
result, 1t 1s possible to reduce the frame width of the chassis
panel 20.

Further, on that surface of the chassis panel 20 on which the
LEDs have been provided, there are no connectors or wires
for providing connection between each of the LED substrates
40 and the LED driver substrate 50. With this arrangement,
shadows and reflection irregularities due to light from the
LEDs hardly occur. As a result, 1t 1s possible to prevent
deterioration 1n in-plane uniformity of brightness of the LED
backlight 10.

Further, since it 1s not necessary to provide a connector or
wire on that surface of the chassis panel 20 on which the LEDs
have been provided, 1t 1s possible to prevent an increase in
thickness of the LED backlight 10.

In the present preferred embodiment, 1t 1s preferable that
the LED driver substrate 50 be mounted so as to be positioned
between the two LED substrates 40. In other words, it 1s
preferable that the LED driver substrate 30 be positioned at
equal distances from the two LED substrates 40.

This arrangement makes 1t possible to prevent an increase
in length of a wire 60 connecting an LED substrate 40 to the
LED driver substrate 50.

Further, 1t 1s preferable that, as mentioned above, the con-
nection holes 25 be provided in the positions corresponding to
the rear surfaces of the LED substrates 40 and be positioned
as close as possible to the LED driver substrate 50.

This arrangement makes it possible to further reduce the
length of the wire 60 connecting the LED substrate 40 to the
LED driver substrate 30.

Preferred Embodiment 2

Another preferred embodiment of the present invention 1s
described below with reterence to FIGS. 2 and 3. Note that the

present preferred embodiment 1s 1dentical to Preferred
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Embodiment except for arrangements described below. Fur-
ther, for convenience of explanation, components having the
same functions as those shown 1n the drawing of Preferred
Embodiment 1 are given the same reference numerals, and
therefore are not explained repeatedly.

An LED backlight 10 of the present preferred embodiment
1s different from the LED backlight 10 of Preferred Embodi-
ment 1 1n that connection holes 25 are provided 1n positions
where an LED driver substrate 50 overlaps LED substrates
40. That 1s, the connection holes 25 are provided in positions
corresponding to rear surfaces of the LED substrates 40 and 1n
a position corresponding to a rear surface of the LED driver
substrate 50.

Asin Preferred Embodiment 1, the LED driver substrate 50
can be connected to each of the LED substrates 40 by a wire
60. However, the present preferred embodiment deals with a
more desirable arrangement of the LED backlight 10 1n which
a connector 70 provides direct connection between the LED
substrate 40 and the LED driver substrate 50. That 1s, the LED
substrate 40 and the LED driver substrate 50 can be connected
to each other not only by the connector 70 (described later)
but also by the wire 60 even 1n a case where the connection
holes 25 are provided in the positions corresponding to the
rear surfaces of the LED substrates 40 and 1n the position
corresponding to the rear surface of the LED driver substrate
50.

The following description deals with the LED backlight 10
of the present preferred embodiment with reference to FIGS.
2 and 3. FIG. 2 illustrates an arrangement of the LED back-
light 10 of the present preferred embodiment, and FIG. 3
illustrates how each of the LED substrates 40 and the LED
driver substrate 50 are connected to each other. Note that, as
1s the case with FIG. 1, FIGS. 2 and 3 are diagrams obtained
when the LED backlight 10 1s viewed from a rear surface of
the chassis panel 20.

As shown 1n FIG. 2, according to the LED backlight 10 of
the present preferred embodiment, the connection holes 25
are provided 1n positions on the chassis panel 20 where the
LED driver substrate 30 overlap the LED substrates 40. Spe-
cifically, the connection holes 235 are provided (1) 1n the vicin-
ity of a location where two rectangular LED substrates 40
face each other when they are disposed 1n alignment with
cach other and (11) 1n a location where the LED driver sub-
strate 50 1s provided.

The LED substrate 40 and the LED driver substrate 50 are
not connected to each other by the wire 60, but connected to
cach other by the connector 70 in such a connection hole 25.

The following description deals with this with reference to
FIG. 3.

As shown 1n FIG. 3, the LED driver substrate 50 is pro-
vided with a convex insertion connector 70a serving as a
connector 70 to be connected to an LED substrate 40.

On the other hand, the LED substrate 40 1s provided with a
concave receiving connector 706 into which the insertion
connector 70a can be mnserted. The mnsertion connector 70a
may have a height larger than the width of the chassis panel
20. This 1s because, 1n this way, 1t 1s possible to more easily
realize a direct connection between the LED substrate 40 and
the LED driver substrate 50, which are mounted on different
surfaces of the chassis panel 20.

The LED drniver substrate 50 and the LED substrate 40 are
mounted on the chassis panel 20 so that their respective con-
nectors 70 (the insertion connector 70a of the LED driver
substrate 30, the recerving connector 706 of the LED sub-
strate 40) are positioned inside the connection hole 25. The
insertion connector 70a of the LED driver substrate 30 and
the recewving connector 706 of the LED substrate 40 fit
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together nside the connection hole 25 so as to provide con-
nection (board to board connection) between the LED driver
substrate 50 and the LED substrate 40.

This arrangement makes 1t possible to secure electrical
conduction between the LED driver substrate 50 and the LED
substrate 40 without using the wire 60, thus allowing a further
improvement 1n assembling workability and a reduction 1n
manufacturing cost.

Although the LED backlight 10 of the present preferred
embodiment preferably uses the connector 70 to connect the
LED driver substrate 50 and the LED substrate 40, the LED
backlight 10 does not increase in thickness, because the
height of a convex portion of the insertion connector 70a 1s
absorbed by the width of the chassis panel 20 (depth of the
connection hole 25) and the depth of the receiving connector
70b.

Further, as described above, the insertion connector 70a
does not surface 1n the chassis panel 20. Therefore, the pres-
ence of the mnsertion connector 70 hardly causes deterioration
in 1n-plane uniformity of brightness of the LED backlight 10.

The present preferred embodiment has discussed an
example 1n which the LED drniver substrate 50 1s provided
with the msertion connector 70a and the LED substrate 40 1s
provided with the receiving connector 7056. However, the
present preferred embodiment 1s not limited to this. For
example, another arrangement 1s possible in which the LED
driver substrate 50 1s provided with the recerving connector

706 and the LED substrate 40 1s provided with the 1nsertion
connector 70a.

Preterred Embodiment 3

Another preferred embodiment of the present invention 1s
described below with reference to FIG. 4. F1G. 4 1llustrates an
arrangement of an LED backlight 10 of the present preferred
embodiment.

Note that the present preferred embodiment 1s 1dentical to
Preferred Embodiment 1 except for arrangements described
below. Further, for convenience of explanation, components
having the same functions as those shown in the drawing of
Preferred Embodiment 1 are given the same 1dentical refer-
ence numerals, and therefore are not explained repeatedly.

Unlike the LED backlight 10 of Preterred Embodiment 1,
the LED backlight 10 of the present preferred embodiment
includes three LED substrates 40 (first LED substrate 40aq,
second LED substrate 405, third LED substrate 40¢). That 1s,
the LED backlight 10 of the present preferred embodiment 1s
arranged such that an additional LED substrate 40 1s provided
next to the second LED substrate 405 1n an X direction 1n the
LED backlight 10 of Preferred Embodiment 1. The following
description deals with this arrangement.

As shown 1n FIG. 4, according to the LED backlight 10 of
the present preferred embodiment, the three LED substrates
40 (first LED substrate 40a, second LED substrate 4056, third
LED substrate 40¢) are provided in the vicinity of one longer
side of a substantially rectangular chassis panel 20 so as to be
in alignment with one another 1n each of the x directions.

Further, as in Preferred Embodiment 1, an LED driver
substrate 50 1s mounted on a surface of the chassis panel 20 on
which the LED substrates 40 are not provided. Specifically,
the LED dniver substrate 50, which preferably has a rectan-
gular or substantially rectangular shape, 1s provided between
two of the three LED substrates 40, 1.e., between the first LED
substrate 40a and the second LED substrate 405 so that a
longer side of the rectangular LED driver substrate 30 1s
parallel or substantially parallel to each of the y directions,
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which are parallel or substantially parallel to a shorter side of
the rectangular or substantially rectangular chassis panel 20.

Further, as in Preferred Embodiment 1, connection holes
235 passing through the chassis panel 20 are provided 1n those
portions of the chassis panel 20 which make contact with rear
surfaces of the LED substrates 40. Specifically, there are
provided a total of four connection holes 25: one in that
portion of the chassis panel 20 which contacts the first LED
substrate 40a, one in that portion of the chassis panel 20
which contacts the third LED substrate 40¢, and two 1n that
portion of the chassis panel 20 which contacts the second
LED substrates 405, for example.

More specifically, (1) the one connection hole 25 provided
in that region of the chassis panel 20 which contacts the rear
surface of the first LED substrate 40a and (1) one of the two
connection holes 25 provided 1n that region of the chassis
panel 20 which contacts the rear surface of the second LED
substrate 405 are positioned 1n close proximity to each other.

Similarly, (1) the other one of the two connection holes 235
provided in that region of the chassis panel 20 which contacts
the rear surface of the second LED substrate 405 and (11) the
one connection hole 25 provided 1n that region of the chassis
panel 20 which contacts the rear surface of the third LED
substrate 40c¢ are positioned 1n close proximity to each other.

Further, as 1n Preferred Embodiment 1, the connection
holes 25 are provided in positions corresponding to the rear
surfaces of the LED substrates 40, but not 1n a position cor-
responding to the rear surface of the LED driver substrate 50.
In other words, the connection holes 25 are provided 1n posi-
tions where the LED driver substrate 50 does not overlap the
LED substrates 40.

Specifically, in the present preferred embodiment, the LED
driver substrate 50 1s provided between the first LED sub-
strate 40a and the second LED substrate 406 as described
above, and there 1s a region where the LED driver substrate 50
overlaps the LED substrates 40 (first LED substrate 40aq,
second LED substrate 405). However, the connection holes
235 are not provided 1n this region.

Connection

The following description deals with how the LED sub-
strates 40 are connected to the LED driver substrate 50.

The first LED substrate 40a and the second LED substrate
405 are connected to the LED driver substrate 50 1n the same
manner as 1n Preferred Embodiment 1. That 1s, the first LED
substrate 40a and the second LED substrate 405 are con-
nected to the LED driver substrate 50 preferably via wires 60
through connection holes 235, respectively. This allows the
first LED substrate 40a and the second LED substrate 405 to
be electrically connected to each other as if they were directly
connected to each other.

The second LED substrate 405 and the third LED substrate
40c¢ are directly connected to each other with use of a wire 60.
Specifically, a rear surface of the second LED substrate 405
which 1s exposed through the connection hole 25 and a rear
surface of the third LED substrate 40¢ which 1s exposed
through the connection hole 235 are connected to each other
with use of the wire 60.

As described above, according to the LED backlight 10 of
the present preferred embodiment, even 11 the number of LED
substrates 40 that are mounted on the chassis panel 20
increases, the LED substrates 40 can be connected to one
another through the connection holes 23 provided in the chas-
s1s panel 20.

As aresult, an increase 1n the number of LED substrates 40
hardly causes deterioration 1n in-plane uniformity of bright-
ness, an increase i thickness, a large increase 1n wire length,
a difficulty in wiring, and an increase 1n frame width.
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Preferred Embodiment 4

Another preferred embodiment of the present invention 1s
described below with reference to FI1G. 5. FIG. 5 illustrates an
arrangement of an LED backlight 10 of the present preferred
embodiment.

Note that the present preferred embodiment 1s 1dentical to
Preferred Embodiments above except for arrangements
described below. Further, for convenience of explanation,
components having the same functions as those shown 1n the
drawings of Preferred Embodiments above are given the same
reference numerals, and therefore are not explained repeat-
edly.

Unlike the LED backlight 10 of Preterred Embodiment 3,
the LED backlight 10 of the present preferred embodiment
includes two LED driver substrates (first LED driver substrate
50a, second LED driver substrate 506). That 1s, an addltlonal
LED driver substrate 50 1s provided between the second LED
substrate 405 and the third LED substrate 40¢ 1n the LED
backlight 10 of the Preferred Embodiment 3. The following
description deals with this arrangement.

As shown 1n FIG. 5, according to the LED backlight 10 of
the present preferred embodiment, the three LED substrates
40 (first LED substrate 40q, second LED substrate 4056, third
LED substrate 40c¢) are provided in the vicinity of one longer
side of a substantially rectangular chassis panel 20 so as to be
in alignment with one another 1n each the x directions, as 1n
Preferred Embodiment 3.

Further, as 1in Preferred Embodiment 3, the LED drniver
substrates 50 are provided on a surface of the chassis panel 20
on which surface the LED substrates 40 are not provided. It
should be noted here that the LED backlight 10 of the present
preferred embodiment preferably has two LED driver sub-
strates 50, for example. Specifically, the two LED driver
substrates 50, each of which has a rectangular or substantially
rectangular shape, are each provided between two of the three
LED substrates 40 1n parallel with each other so that a longer
side of each of the LED driver substrates 50 is parallel or
substantially parallel to each of the y directions, which are
parallel or substantially parallel to a shorter side of the rect-
angular chassis panel 20. More specifically, the first LED
driver substrate 50qa 1s provided between the first LED sub-
strate 40a and the second LED substrate 4054, and the second
LED driver substrate 5056 1s provided between the second
LED substrate 405 and the third LED substrate 40c.

As 1n Preferred Embodiment 3, connection holes 25 pass-
ing through the chassis panel 20 are provided in those por-
tions of the chassis panel 20 which make contact with rear
surfaces of the LED substrates 40.

Specifically, there are preferably provided a total of four
connection holes 25: one 1n that portion of the chassis panel
20 which contacts the first LED substrate 40a, one 1n that
portion of the chassis panel 20 which contacts the third LED
substrate 40c¢, and two 1n that portion of the chassis panel 20
which contacts the second LED substrates 405, for example.
More specifically, (1) the one connection hole 25 provided 1n
that region of the chassis panel 20 which contacts the rear
surface of the first LED substrate 40a and (1) one of the two
connection holes 25 provided 1n that region of the chassis
panel 20 which contacts the rear surface of the second LED
substrate 405 are positioned 1n close proximity to each other.
Similarly, (1) the other one of the two connection holes 25
provided 1n that region of the chassis panel 20 which contacts
the rear surface of the second LED substrate 405 and (11) the
one connection hole 25 provided 1n that region of the chassis
panel 20 which contacts the rear surface of the third LED

substrate 40c¢ are positioned 1n close proximity to each other.
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Further, as in Preferred Embodiment 1, the connection
holes 25 are provided 1n positions corresponding to the rear
surfaces of the LED substrates 40, but not in positions corre-
sponding to the rear surfaces of the LED driver substrates 50,
as described above. In other words, the connection holes 25
are not provided 1n positions where the LED driver substrates
50 overlap the LED substrates 40.

Specifically, in the present preferred embodiment, the con-
nection holes 25 are provided in neither (1) a range 1n which
the first LED driver substrate 50a overlaps the first LED
substrate 40a or the second LED substrate 406 nor (11) arange
in which the second LED driver substrate 505 overlaps the
second LED substrate 406 or the third LED substrate 40c.
Connection

The following description deals with how the LED sub-
strates 40 are connected to the LED driver substrates 50.

In the present preferred embodiment, the first LED driver
substrate 50q 1s connected to the first LED substrate 40aq and
the second LED substrate 405 1n the same manner as in
Preferred Embodiment 1. As well, the second LED driver
substrate 505 1s connected to the second LED substrate 405
and the third LED substrate 40¢ 1n the same manner as 1n
Preferred Embodiment 1.

That 1s, a rear surface of the first LED substrate 40a which
1s exposed through a connection hole 235 and a rear surface of
the second LED substrate 4056 which 1s exposed through a
connection hole 25 are each connected to the first LED driver
substrate 30a by a wire 60. Similarly, a rear surface of the
second LED substrate 405 which 1s exposed through a con-
nection hole 25 and a rear surface of the third LED substrate
40¢ which 1s exposed through a connection hole 25 are each
connected to the second LED driver substrate 506 by a wire
60.

According to this arrangement, the LED substrates 40 are
connected to the LED driver substrates 50. In addition, the
first LED substrate 40aq and the second LED substrate 406 are
connected to each other via the first LED driver substrate 50aq,
and the second LED substrate 405 and the third LED substrate
40¢ are connected to each other via the second LED driver
substrate 50b.

Therelfore, even 1f the LED substrates 40 are required to
exchange some sort of signal with each other, the LED sub-

strates 40 can exchange such a signal without being directly
connected to each other.

As described above, according to the LED backlight 10 of
the present preferred embodiment, even 11 the number of LED
substrates 40 to be provided on the chassis panel 20 and the
number of LED driver substrates 50 to be provided on the
chassis panel 20 increase, the LED substrates 40 and the LED
driver substrates 50 can be connected to one another through
the connection holes 25 provided in the chassis panel 20.

Therefore, an increase 1n the number of LED substrates 40
hardly causes deterioration in in-plane uniformity of bright-
ness, an increase 1n thickness, a large increase 1n wire length,
a difficulty 1n wiring, and an 1ncrease in frame width.

According to the above arrangement, the second LED sub-
strate 406 1s preferably connected to the two LED driver
substrates 50. However, 1t 1s possible that the second LED
substrate 4056 1s connected to either of the first LED driver
substrate 504 and the second LED driver substrate 505, for
example, 1n a case where signal exchange between the LED
substrates 40 1s not required.

Further, in the above arrangement, the first LED driver
substrate 50a and the second LED driver substrate 505 are
provided separately from each other. However, the first LED
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driver substrate 50q and the second LED driver substrate 505
may be continuous with each other in some way so as to
define one substrate.

Further, the number of LED substrates 40 1s not limited to
that described 1n each of the preferred embodiments, and also
the number of LED driver substrates 50 1s not limited to that
d
{

lescribed 1in each of the preferred embodiments. For example,
he number of LED substrates 40 may be four or more.
Further, each of the preferred embodiments deals with a
case where an LED substrate 40 1s preferably separate from
an LED driver substrate 50. However, the present invention 1s
not limited to this. For example, an LED and an LED driver
may be provided on the same substrate so that the LED
substrate 40 and the LED driver substrate 50 integrate into
one wiring substrate. Note that, even in such a case, 1t 1s
necessary to supply a signal and power to the wiring substrate.

In view of this, connection holes 235 passing through the
chassis panel 20 can be provided 1n that portion of the chassis
panel 20 which contacts a rear surface of the wiring substrate,
as 1 each of the preferred embodiments above, so as to
improve eiliciency of operation such as wiring operation.

As described above, an LED backlight 10 according to a
preferred embodiment of the present invention 1s arranged
such that (1) an LED substrate 40 provided with an LED 1s
disposed on arectangular or substantially rectangular chassis
panel 20 so that a longer side of the LED substrate 40 1s
parallel or substantially parallel to a longer side of the chassis
panel 20, that (11) an LED driver substrate S0 which generates
a required signal and transmits the signal to the LED substrate
40 1s provided 1n the vicinity of the center of the chassis panel
20 so that a longer side of the LED driver substrate 50, which
has a rectangular or substantially rectangular shape, 1s paral-
lel or substantially parallel to a shorter side of the chassis
panel 20, and that (111) a connection hole 25 that 1s used for
connecting the LED substrate 40 to the LED driver substrate
50 1s provided in the chassis panel 20. This arrangement
makes it possible to prevent a substrate member such as a wire
60 from sticking out over an edge of the LED backlight 10.
This allows a reduction 1n frame width of the LED backlight
10. In addition, this allows a reduction 1n length of the wire 60
and a reduction 1n the number of contacts (connectors) for
connecting the substrates, thus allowing an improvement 1n
assembling workability and a reduction 1n cost.

The present invention 1s not limited to the description of the
preferred embodiments above, but may be altered by a skilled
person within the scope of the claims. A preferred embodi-
ment based on a proper combination of technical features
disclosed 1in different preferred embodiments 1s encompassed
in the technical scope of the present invention.

As described above, an LED backlight according to a pre-
terred embodiment of the present invention 1s arranged such
that an LED 1s provided on one surface of an LED substrate,
the LED substrate 1s mounted on a chassis panel so that a
surface of the LED substrate opposite to the one surface
contacts the chassis panel, and the chassis panel has a con-
nection hole, provided 1n a portion of a region of the chassis
panel 1n which region the LED substrate 1s mounted, which
passes through the chassis panel. This makes 1t possible to
realize an LED backlight 1n which deterioration 1n in-plane
uniformity of brightness 1s prevented, whose thickness, frame
width, and wire length are reduced, and 1n which wiring can
1s out easily.

An LED backlight according to a preferred embodiment of
he present invention can be reduced in frame width and

{
thickness, and has high assembling workability. Therefore,
;

{

he LED backlight according to a preferred embodiment of
he present mnvention can be suitably used for a large-sized
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display device in which a backlight such as a tandem back-
light including a plurality of LED substrates 1s used.

While preferred embodiments of the present invention
have been described above, 1t 1s to be understood that varia-
tions and modifications will be apparent to those skilled 1n the
art without departing the scope and spirit ol the present inven-
tion. The scope of the present mnvention, therefore, 1s to be
determined solely by the following claims.

The mvention claimed 1s:

LED backlight comprising:

D substrate;

an LED mounted on one surface of the LED substrate;

an LED driver substrate; and

a chassis panel on which the LED substrate 1s mounted
such that a surface of the LED substrate opposite to the
one surface contacts the chassis panel; wherein

the chassis panel has a connection hole, provided 1n a
portion of a region of the chassis panel in which the LED
substrate 1s mounted, which passes through the chassis
panel; and

the connection hole 1s provided i1n a position where the

LED driver substrate does not overlap the LED sub-

strate.

2. The LED backlight as set forth in claim 1, wherein the
LED driver substrate 1s arranged to drive the LED mounted on
a surface of the chassis panel opposite to a surface on which
the LED substrate 1s mounted, and the LED substrate and the
LED dniver substrate are electrically connected to each other
through the connection hole.

3. The LED backlight as set forth 1n claim 2, further com-
prising a wire arranged to electrically connect the LED sub-
strate and the LED driver substrate through the connection
hole.

4. The LED backlight as set forth 1n claim 2, wherein:

the LED substrate includes a connector arranged to face the

connection hole when the LED substrate 1s mounted on
the chassis panel, which provides an electrical connec-
tion;

the LED driver substrate 1s provided with a connector

arranged to fit into the connector provided 1n the LED
substrate; and

-
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the connector of the LED driver substrate and the connec-
tor of the LED substrate fit together so that the LED
substrate and the LED driver substrate are electrically
connected to each other through the connection hole.

5. The LED backlight as set forth 1n claim 1, wherein:

the chassis panel has a plurality of LED substrates mounted

on a same surface thereof; and

the chassis panel has connection holes provided 1n regions

thereol in which the plurality of LED substrates are
mounted, respectively; and

at least two or more of the plurality of LED substrates are

clectrically connected to one another through the con-
nection holes.

6. The LED backlight as set forth 1n claim 1, wherein:

the chassis panel has a plurality of LED substrates mounted

on a same surface thereof; and

at least one additional LED driver substrate arranged to

drive the LED 1s mounted on a surface of the chassis
panel opposite to a surface on which the plurality of LED
substrates are mounted; and

at least one of the at least one additional LED driver sub-

strate 1s electrically connected to plural ones of the plu-
rality of LED substrates through a plurality of the con-
nection holes.

7. The LED backlight as set forth 1n claim 6, wherein:

the plurality of LED substrates are symmetrically mounted

on the chassis panel so that a longer side of each of the
plurality of LED substrates 1s parallel or substantially
parallel to a first direction; and

the at least one additional LED driver substrate 1s mounted

on the chassis panel so that a longer side of the at least
one additional LED driver substrate 1s parallel or sub-
stantially parallel to a second direction which intersects
with the first direction.

8. The LED backlight as set forth 1n claim 1, wherein the
LED substrate includes a connector arranged to face the con-
nection hole when the LED substrate 1s mounted on the chas-
s1s panel, which provides an electrical connection.

9. A liquad crystal display device comprising an LED back-
light as set forth 1n claim 1.
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